Diagnosis of feline herpesvirus infection by immunohistochemistry, polymerase chain reaction, and in situ hybridization
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Abstract. An adult domestic shorthair cat had severe chemosis due to purulent and necrotizing blepharitis and conjunctivitis. Purulent rhinitis, necrotizing glossitis, and dermatitis were also diagnosed. The cat was positive for feline immundeficiency virus and feline leukemia virus. Histologically, intranuclear Cowdry type A inclusions were found within numerous epithelial cells adjacent to the lesions in skin, conjunctiva, and tongue. Electron microscopic examination revealed herpesviral particles within the lesions. Paraffin-embedded skin and tongue tissues were processed in a polymerase chain reaction, using primers to amplify a 306-bp region of the thymidine kinase gene of feline herpesvirus type 1, resulting in a distinct amplification product of the predicted size. The distribution of feline herpesvirus was demonstrated by immunohistochemistry and nonradioactive in situ hybridization. Positive immunostaining was found in nuclei and cytoplasm of numerous epithelial cells within and next to the lesions, whereas in situ hybridization, performed with a digoxigenin-labeled doublestranded DNA probe, revealed hybridization signal only in nuclei of intact epithelial cells. Neither immunohistochemistry nor in situ hybridization showed feline herpesvirus type 1 in tissues of lungs, liver, spleen, intestine, or brain.
Feline viral rhinotracheitis is one of the major upper respiratory tract diseases in the cat. The causal agent is feline herpesvirus type 1 (FHV-1), a double-stranded (ds) DNA virus belonging to the Alphaherpesvirinae. In addition to classical rhinotracheitis in kittens, FHV-1 may cause chronic conjunctivitis and keratitis, recurrent rhinitis, chronic sinus-itis, neonatal disease, or abortion. 10 In addition, several cases of FHV-1 have included skin disease and/or ulcerative glossitis. 2, 6, 12 Herpesvirus infections are commonly diagnosed by cytopathic effects in tissue cultures, the presence of Cowdry type A inclusion bodies in stained tissue culture cells or tissue sections, or electron microscopy. 5, 10 Recently, polymerase chain reaction (PCR) assays for active and latent FHV-1 infections 14, 15 and in situ hybridization (ISH) techniques for latent FHV-1 infection have been developed. 9 Here, we describe a case of FHV-1 infection with unusual lesion distribution in a cat positive for feline leukemia virus (FeLV) and feline immundeficiency virus (FIV). FHV-1 infection was diagnosed by light and electron microscopy and PCR amplification. Virus distribution was studied by immunohistochemistry (IHC) and nonradioactive ISH. An adult domestic shorthair cat with an anamnesis of FIV infection was necropsied. The cat was in poor body condition and had severe bilateral chemosis. In addition to moderate mucopurulent conjunctivitis, massive alopecia was noticed around the eyelids. The nasal planum and surrounding skin were covered with superficial crusts. Similar lesions were present at the dorsal aspect of the left front paw. In addition, there was generalized lymph node swelling, moderate lung emphysema, and discrete fatty liver degeneration. Other than bilateral ulcers of the rostral tongue margins, the alimentary tract had no abnormalities nor did kidneys, spleen, heart, and brain.
Samples of skin, nose, tongue, eye, liver, spleen, lungs, kidneys, intestine, and brain were fixed in 7% neutral buffered formalin and embedded in paraffin. Five-micrometer sections were stained with hematoxylin and eosin (HE) for histologic examination. Formalin-fixed cubes from skin were washed in phosphate-buffered saline for 24 hours, postfixed with osmium tetroxide, and embedded in resin. a Ultrathin sections were stained with uranyl acetate and lead citrate and examined by transmission electron microscopy. b Histologically, skin and palpebral conjunctiva of both upper eyelids had severe necrotizing inflammation with predominantly perivascular lymphoplasmacytic and focal neutrophilic infiltration with bacterial colonies. Similar lesions were found in samples of nasal planum, superior lip, tongue margins ( Fig. 1 ), membrana nictitans of both eyes, and skin of the left front paw. Single necrotic epithelial cells without any inflammatory reaction were found in the superficial layer of both corneas. In numerous epithelial cells of epidermis and/or hair follicles next to the necrotic areas of eyelids, paw, superior lip, and nose there were Cowdry type A intranuclear inclusion bodies. A few intranuclear inclusions were found in basal epithelial cells of papillae next to the necrotic tongue margins. Herpesvirus particles within the lesions were detected by electron microscopy. Yeast conidia were found in the crusts adherent to the nasal planum. With the exception of moderate interstitial hepatitis, membranous glomerulonephritis, and discrete myocardial fibrosis, there were no further histologic abnormalities. Enzyme-linked immunosorbent assay of blood samples was positive for FeLV c and FIV, d but no chlamydial e antigen was found. Indirect immunofluorescence assay did not reveal antibodies against feline corona virus. 7 Monoclonal antibodies to FHV-1 f (dilution 1:1,000) and polyclonal antiserum to FeLV g (dilution 1:2,000) were used for antigen detection. Three-micrometer sections of paraffinembedded tissue samples were placed on coated slides h and dried for 12 hours at 37 C to enhance tissue adherence. Antigen demasking was performed on deparaffinized and rehydrated sections using protease. i Endogenous peroxidase activity was blocked by incubation with 2% H 2 O 2 in methanol. To reduce background staining, the sections were incubated with 10% normal goat serum for 1 hour at room temperature. The sections were then incubated with the primary antibody overnight at 4 C in a humidified chamber. Subsequent steps for avidin-biotin complex binding and visualization of positive reaction products j were performed according to the manufacturer's instructions. k The sections were counterstained with hematoxylin.
Positive immunoreactivity with antibodies against FHV-1 was present in epithelial cells adjacent to or within the necrotic lesions; nuclei as well as cytoplasm were specifically stained. Superior lip, eyelids, nose, and paw revealed positive immunostaining in stratum basale and stratum granulosum of the epidermis and in several hair follicles and sebaceous and sweat glands ( Fig. 2A) . Positive immunoreactivity was also present in epithelial cells of the glandulae olfactoriae, the nasal mucosa, and the basal layers of single papillae next to the necrotic lesions near the tongue margins (Fig. 3A) . Positive immunostaining also was found in the palpebral conjunctival epithelium, in single cells of the su- perficial epithelial layer of both corneas, and in occasional epithelial cells of membrana nictitans and its glands. In addition to the positive immunostaining in intact epithelial cells, there was fine granular immunoreactivity originating from karyorrhectic epithelial cells in areas of necrotizing inflammation and within the superficial crusts adhered to the skin lesions. No positive immunostaining for FHV-1 was found in samples of liver, lungs, spleen, kidneys, intestine, or brain. The presence of FeLV antigen in tissue was confirmed by IHC.
Paraffin-embedded tissue sections (5 m) from the paw, which was positive for FHV-1 infection with IHC, were pooled. DNA extraction was performed according to the manufacturer's instructions. l Sections were deparaffinized by extraction with xylene, which was removed after vortexing and centrifugation (5 minutes at 4,000 ϫ g). Residual xylene was removed by ethanol extraction followed by centrifugation (5 minutes at 9,000 ϫ g). Excess ethanol was evaporated at 37 C for 20 minutes before the washing step was repeated. The resulting tissue pellet was incubated with 20 l proteinase m and 180 l buffer n for 2 hours at 55 C. Xylene extraction, ethanol washing steps, and digestion were then repeated for complete tissue digestion. The amount of extracted DNA, measured photometrically, o was 81 ng/l. The target sequences for the selection of oligonucleotide primers were derived from published sequences of the FHV-1 thymidine kinase (tk) gene 8 and FHV-1 glycoprotein I (gI) genes. 13 Primers were designed p and were predicted to amplify a 306-bp (FHV-tk) and 765-bp (FHV-gI) product, respectively. The 4 primers were sense primer FHV1-tkf (5Ј-GTTGTCGGTGGTATCTATGC-3Ј), antisense primer FHV1tkr (5Ј-GAGGTTCTCGTGGAAGTGTT-3Ј), sense primer FHVgI-f (5Ј-CTCGACGACCAACCATTACC-3Ј), and antisense primer FHVgI-r (5Ј-TCCGATGACCGCAAGAGTAG-3Ј). PCR was performed using a commercially available PCR kit 9 with 2 l of extracted sample and a primer concentration of 20 M. The following PCR parameters were used: 5 min-utes at 94 C; 1 minute at 94 C; 30 seconds at 56 C (FHVtk) or 53 C (FHV-gI); 30 seconds at 72 C (FHV-tk) or 1 minute at 72 C (FHV-gI) (35 cycles). Finally, a step of 7 minutes at 72 C was included before the PCR was completed.
A previously isolated FHV-1 strain, propagated on Crandell feline kidney (CrFK) cells, served as a positive control, and DNA extracted from mock-infected CrFK cells and H 2 O were used as negative controls. The reaction products were separated on 1% agarose gel, stained with ethidium bromide, and examined under ultraviolet light.
Using DNA templates derived from formalin-fixed and paraffin-embedded tissue of the necrotic areas of the paw, PCR with FHV-tk primers resulted in a distinct amplification product of the expected size of 306-bp. In contrast, using FHV-gI primers, no amplification products of the expected size of 765-bp were observed (Fig. 4) .
Nonradioactively labeled FHV-tk probes were generated by the PCR procedure, adding digoxigenin (DIG)-11-dUTP r to the reaction mixture. The mobility and intensity of DIGlabeled probes on an agarose gel were compared with those of unlabeled products of known concentration. The estimated concentration of the DIG-labeled probes was 1.4 g/l. Paraffin-embedded tissue sections (2 m) were placed on organo-silane-coated slides, deparaffinized with xylene, and rehydrated in graded alcohols and double-distilled water. For proteolytic digestion, sections were treated with proteinase m at a concentration of 2.5 g/ml in 50 mM Tris/HCl (pH 7.6) and incubated in a humidified chamber for 30 minutes at room temperature. One microliter of ds-DNA probe, 2.5 l herring sperm DNA, s and 3.5 l deionized formamide t were mixed, heat denatured at 95 C for 5 minutes, and cooled on ethanol and ice. The hybridization mixture, consisting of 21.5 l deionized formamide, 10 l 20ϫ standard saline citrate (SSC), 1 l 50ϫ Denhardt's solution, u 5 l 50% dextran sulphate, v and 5.5 l double-distilled water, was added.
For denaturation of target DNA (FHV-1), sections covered with the resulting hybridization solution were heated for 6 minutes at 95 C. Denaturation was stopped by rapidly cooling the sections on crushed ice and ethanol. Hybridization was carried out for 12 hours at 37 C in a humidified chamber. Posthybridization washes were performed at low stringency (2ϫ SSC, 1ϫ SSC; 10 minutes at 40 C) followed by high stringency washing (0.1ϫ SSC; 10 minutes at 40 C). The resulting hybrids were visualized by incubation with anti-DIG-alkaline phosphate (AP)-conjugated antibody w and subsequent staining with AP-specific color substrate. x The sections were counterstained with hematoxylin.
Positive hybridization was characterized by a dark blue reaction product strictly confined to the nuclei of intact epithelial cells next to the areas of necrotizing inflammation. Strong nuclear signals were found in clusters of epithelial cells in the basal layers of the epidermis, hair follicles of eyelids, nose, superior lip, and paw ( Fig. 2B ) and in the basal epithelial layers of single papillae near the tongue lesions (Fig. 3B) . A strong signal was also seen in glandular epi-thelium of sweat and sebaceous glands and in numerous tubules of the glandulae olfactoriae. Strongly reactive nuclei were also found in conjunctival epithelium of palpebrae and membrana nictitans and in a few superficial cells of both corneas. No positive hybridization signals were found in necrotic areas or within the superficial crusts. Samples of lungs, liver, intestine, kidneys, spleen, and brain also had no positive signal.
Contrary to other reports, 2,6 the FeLV-FIV-positive cat in this study had unusually severe and widespread FHV-1 lesions. Necrotizing lesions were not only present in the upper respiratory and alimentary tract, but also in eyes, skin adjacent to nose, and the dorsal aspect of a paw. This uncommon course and appearance of an FHV-1 infection can be explained by the immunosuppressive effects of co-infection with FeLV and FIV. No spread into internal organs was noticed. However, as a result of immunosuppression, secondary bacterial and fungal infection occurred, similar to findings in other reports. 1, 3, 4 In contrast to other investigations, 11 in which canine herpesvirus (CHV) and CHV-specific DNA was detected in epithelial cells and in cells of mesenchymal origin, FHV-1 in this cut was strictly confined to epithelial cells. Histopathology showed typical intranuclear inclusion bodies in epithelial cells adjacent to the necrotic areas, and IHC revealed viral proteins in nuclei and cytoplasm of infected epithelial cells and within the necrotic areas. Using ISH, viral DNA was only detected in nuclei of intact epithelial cells. No positive signals were found in the cytoplasm of intact cells or in necrotic debris. The areas containing viral antigen and viral DNA corresponded, and examination of serial sections allowed positive IHC and ISH signals to be localized to the same individual cells.
The occurrence of secondary bacterial and fungal infection can complicate and mask the primary viral infection, making it difficult to diagnose clinically. It is thus essential to be able to detect viral proteins or viral DNA to confirm the diagnosis of a primary viral infection. PCR offers one method to confirm FHV-1 infection in histologically suspicious cases. In this case, primers were designed to amplify a 306-bp region of the FHV-1 thymidine kinase gene because, according to the manufacturer's information, l the maximum length of isolated DNA extractable from formalin-fixed, paraffin-embedded tissues is limited to 650 bp. This limitation may explain why the amplification product of 765 bp was not detectable from paraffin-embedded paw tissue using primers specific for FHV-1 glycoprotein I, whereas the positive control of FHV-1-infected CrFK cells produced a clear band of the expected size.
In contrast to other reports, 14, 15 diagnosis of FHV-1 infection by PCR amplification alone appears to be of limited clinical value because latent infections, which are widespread in cats, might be detected. However, morphologic localization of viral proteins or viral DNA by IHC or ISH, respectively, allows an unequivocal diagnosis. Thus, IHC and ISH should be applied to skin biopsies with unclear or suspicious histologic lesions to confirm or rule out FHV-1 as the primary cause.
